ABSTRACT: The CMS experiment, located at the CERN Large Hadron Collider, has a redundant muon system composed by three different detector technologies: Cathode Strip Chambers (in the forward regions), Drift Tubes (in the central region) and Resistive Plate Chambers (both its central and forward regions). All three are used for muon reconstruction and triggering. During the first long shutdown (LS1) of the LHC (2013-2014) the CMS muon system has been upgraded with 144 newly installed RPCs on the forth forward stations. The new chambers ensure and enhance the muon trigger efficiency in the high luminosity conditions of the LHC Run2. The chambers have been successfully installed and commissioned. The system has been run successfully and experimental data has been collected and analyzed. The performance results of the newly installed RPCs will be presented.
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Chamber design and performance
The newly installed RE4 chambers inherit their design from the already existing RPC Endcap chambers, shown in Fig. 2 [3] . The detector relies on 2 mm trapezoidal shaped High Pressure Laminate (HPL) gas gaps, organized in a double-layer configuration with a copper strip readout panel placed in between. The HPL sheets resistivity is of the order of 1 -6*10 10 Ωcm. A chamber is made of three kinds of different gap geometries -one large gas gap is used at the bottom layer, while the top layer is segmented into two parts. This configuration is used to simplify the signal cable routing. The readout strips are segmented in three η-partitions with increasing strip pitch from 1.5 cm to 4 cm [3] .Since each partition has 32 strips, there are a total of 96 strips per chamber. Coaxial cables are used to connect strips to Adapter Boards which are linked to 3 Front-End Boards (FEBs) per chamber. There is 1 Distribution Board (DB) for the electronics control for each chamber. Link Boards (LBs) are the main components of the off-detector electronics. They receive from the FEBs signals in LVDS (Low-Voltage Differential Signaling) standard. Synchronization with the LHC clock and transmission of the signals to Trigger Electronics in the control room is performed by the LBs. There is a Control Board (CB) in each LB crate that drives the crate, provides inter-crate communication and takes care of the connection to the readout and trigger systems.
Evaluation of the optimal High Voltage working point
The efficiency of the RPC detectors strongly depends on the applied high voltage. Due to temperature and pressure variation, the applied high voltage is corrected and gives the effective voltage. The correction is performed according to the formula below [4] For each chamber a High Voltage (HV) scan is performed in order to determine the optimal HV working point. The HV scan allows to measure the Efficiency as a function of the Effective voltage. The results of the scan are fitted to a sigmoid function and the HV point where the efficiency curve reaches a plateau is evaluated, as shown in Fig. 3a . The HV50 used in the fitting sigmoid function [4] is defined as the high voltage at which every roll reaches 50% of the plateau efficiency. The working point (WP) is the voltage applied to nominal operation. It is defined as WP = Knee + 120V for every RPC chamber. Here Knee is the high voltage point on the sigmoid where the efficiency is 95% of the plateau efficiency. The HV scan was done with 2015 data. The width and the peak of the HV50 distribution shown in Fig. 3b depend mostly on the operational conditions and construction specifications such as spacer sizes. The spacers are the supports that create the RPC gaps in the chambers.
Efficiency and hit rates
The RPCs are installed on two rings per station and every chamber is subdivided in 3 eta partitions called rolls. The detector performance is monitored via the occupancy distribution of the chambers. The cross-sectional view of both positive and negative RE4 stations is shown in Fig. 4a . The black points show the position of the reconstructed hits in the middle of the signal electrodes (strips). It is evident from plots that there are no inactive channels in the newly installed chambers.
The RPC efficiency is calculated using the segment extrapolation method, explained in detail in [5] . The overall efficiency distribution based on the analysis with proton-proton collision data at sqrt(s) = 13 is shown in Fig.4b . It is obtained also after the new HV working point have been deployed. After setting the new WPs, improvement of about 0.7% is observed. Few chambers with low efficiency in the distribution correspond to known hardware problems. The RE4 efficiency mean value is 94.95% which is in good agreement with expectations. The history of the overall RPC efficiency over the period of 2015 data taking is shown in Fig. 6a .
The efficiency and the measured hit rate for each detector unit are shown in 2D maps in Fig. 5 . The X-axis corresponds to the chamber number -there are 36 chambers per ring, while In Fig. 5a the grey entries correspond to the detector units excluded from efficiency calculation because the software algorithm is not effective for them due to geometrical constrains. The blue and the green colors correspond to the lower efficiency values measured for detector units which are partially masked.
The RPC hit rate (in Hz/cm 2 ) is measured for a run at average instantaneous luminosity of 4.5*10 33 cm -2 s -1 . In Fig 5b the blue and the violet colors correspond to the lower rates, while the yellow, the orange and the red colors correspond to high background level. The average hit rate for the shown maps is ~10 Hz/cm 2 . It is in agreement with previous measurements and expectation from MC simulation, that the higher rate is observed for higher eta regions [5] .
Cluster size
A consecutive set of strips, each collecting an induced charge defines a cluster. The number of the strips in the cluster gives the Cluster size. Fluctuations in the efficiency and cluster size history distributions shown in The system has higher efficiency and its performance becomes more stable after deploying the new HV working point (October 2015). The dependence of the RPC efficiency on the atmospheric pressure in the cavern is compensated with automatic corrections of the applied HV. The average cluster size is persistently below 2, which is in good agreement with the expectations [1] and the performance of all the other RPCs from the CMS muon system.
Conclusions
During the first long shutdown (LS1) of LHC the RPC collaboration built, installed and commissioned 144 new RPC detectors in the CMS experiment. The system of newly installed chambers has run successfully with average efficiency of 94.95%, average cluster size persistently below 2 and average rate of ~10 Hz/cm 2 in agreement with expectations and simulations. The quality of the experimental data taken during the first year of physics data taking is high and in agreement with expectations.
